Background Evidence on the effectiveness of community-based interventions in improving vaccination uptake in migrant populations is limited. This study aims to evaluate the effectiveness of a community-based intervention to improve access to and uptake of childhood vaccinations among urban slum-dwelling migrant communities in Ludhiana, India.
Introduction
Vaccination is one of the most cost-effective child survival interventions.
1 Universal Immunization Programmes have initiated the coverage of all children by protective immunizations all over the globe. 2 India launched the Expanded Programme of Immunization (EPI) in 1978 with the introduction of BCG, OPV, DPT and typhoid-paratyphoid vaccines. 3 Vaccines have successfully eliminated smallpox and polio from India; brought measles to an all-time low; and reduced tetanus by an estimated 95% over the past 3 decades, with at least 18 states (since 2003) validated as having eliminated maternal and neonatal tetanus as of December 2013. 4, 5 Despite these improvements, an estimated 1.3 million Indian children under the age of 5 years continue to die each year, with India alone accounting for roughly one-fifth of the world's total under-five deaths. 6 Routine childhood vaccine coverage is suboptimal and only third-fifth children receive all vaccines in the schedule. 7 There are also interand intra-state variations in the coverage. 8 This study was carried out in Ludhiana, the first millionplus metropolitan city in Punjab state, India. Ludhiana accounts for 90% of the country's woollen and hosiery industry. 9 Since 1951, it has witnessed a population explosion, with a decadal growth rate between 1981 and 1991 of 71.77%, the third highest among metropolitan towns in India. 9 Employment opportunities related to Ludhiana's numerous industries have drawn people from neighbouring states, mostly Bihar, Madhya Pradesh, Rajasthan and Uttar Pradesh, resulting in massive population growth. 10 A health needs assessment of urban slum-dwelling migrants in 30 slum communities in Ludhiana conducted in 2011-13 found that children (12-23 months old) from migrant families had much lower routine complete immunization coverage (12.2%) than the general population in either Punjab (60.0%) or India (44.0%). [11] [12] [13] [14] Community meetings were organized jointly by locally active non-governmental organizations (NGOs), community-based organizations (CBOs), area leaders and other key personnel to discuss these findings, explore barriers to immunization uptake and possible solutions. Meetings included awareness-raising sessions on available immunization services, immunization milestones and the benefits of immunization. The main barriers to immunization reported by the migrant community included accessibility to immunization services (distance and transport to healthcare facilities), direct and indirect costs associated with immunization 12, 13 The most significant indirect cost was loss of wages due to the necessity of an adult caregiver being present for immunization to be administered. Another challenge for setting up a community service was that most of the slums were not seen as legal communities (non-notified) 15, 16 and therefore were not allocated government funded healthcare clinics. 13 This paper reports on an evaluation of a community-based intervention to improve access to and uptake of childhood vaccinations among migrant communities in the city of Ludhiana that was developed in response to this feedback.
Methods

The intervention
The focus of the intervention was on increasing access to and improving utilization of preventive healthcare by the migrant population via a community-based intervention involving key stakeholders. In response to previously obtained feedback from the community, 13,14 the research team from Christian Medical College Ludhiana (CMCL) worked with the Civil Surgeon and government Medical Officers responsible for the area as well as the community (via community leaders and the formation of active community groups) to establish a government funded outreach vaccination programme in settings provided by the community. In addition, the community itself took responsibility for nominating adult guardians (community guardians) who would be present in the parent's absence to provide consent and post-immunization surveillance to ensure the child's well-being. The theory of change underpinning the programme was as follows: If outreach immunization clinics and community guardians were made available, then access to immunization would increase thereby increasing childhood vaccination uptake. The CMCL research team was actively involved in the intervention over a 12-month period (01/04/2013-31/03/2014) followed by an evaluation in the subsequent 3 months. Ownership of the project was handed over to the community groups at the end of this period (Fig. 1) .
Study participants and setting
A list of all slums was obtained from the Municipal Corporation of Ludhiana. 91 slum settlements in the city, with 258 118 population in approximately 54 054 households were listed. 13, 15 The slum residents comprised 'older migrants' (those who migrated to the city more than 10 years ago), 'newer migrants' (those who migrated to the city 30 days to 10 years ago), 'recent migrants' (those who migrated to the city within last 30 days), as well as local residents. 'Newer migrants' were selected for this study on the assumption that 'older migrants' would have integrated into the local population while the 'recent migrants' needed more time to settle down. A total of 30 slums were selected randomly from the list, in which 3947 households of newer migrants were obtained by purposive sampling using 'snowballing' technique 17 (having identified an eligible household, information was obtained from that household to identify other newer migrant families in its locality/neighbourhood).
Sampling strategy, evaluation study design and Impact measure Migrant households were defined as those whose last usual place of residence was another village or town where they had stayed for at least 6 months and resided in Ludhiana for at least 6 months with the reference child required to have resided in Ludhiana for at least 3 months. The sample size estimates for the main study has been described elsewhere 15 and out of the initial sample of 3947 migrant households, a 10% sample (395) of women who had childbirth within the preceding 2 years was approached for the baseline survey, with 370 completing the study, 14 For the present evaluation Fig. 1 study, 12 study community clusters (six notified and six non-notified slums) were randomly selected from among 30 slums based on an initial eligibility profile to ensure that the communities were broadly similar in terms of sociodemographic characteristics. Slums with other ongoing health/ developmental interventions were excluded. Each cluster had between 100 and 500 eligible households. As far as possible, clusters were defined in keeping with 'natural' community boundaries. The community-based intervention was implemented in six clusters (three notified and three nonnotified) and the remaining six were control clusters. However, the allocation of the intervention was not random. Sample size estimates were based on baseline survey findings 13, 14 and after factoring in a non-response rate of 10% the resulting sample size estimate for the post-intervention evaluation was 440 households each from intervention and control communities. These 440 households were selected using a stratified random sampling procedure to ensure representation of all areas and all communities. We also conducted individual interviews with key informants in intervention communities identified using a purposive sampling approach, i.e. community leaders, direct beneficiaries of the intervention in the community, healthcare personnel involved in delivering the immunizations and community members contributing to the intervention (non-beneficiaries) to gain further insights into the potential impact of the intervention. Recruitment of further informants was stopped once saturation was achieved.
A quasi-experimental post-intervention design involving comparison communities was used to investigate the hypothesis that vaccination uptake of the seven vaccines included in the universal immunization programme (UIP) was higher among the target population (migrant children under 24 months) in intervention communities as compared to those in the control communities. The impact measure was therefore an increase in vaccination uptake. Vaccination was provided for tuberculosis (BCG), polio (OPV), diphtheria/pertussis/tetanus (DPT), measles and hepatitis B along with Vitamin A supplementation.
Data collection
Pre-intervention survey data on vaccination uptake relating to a different cohort of children were available for all 12 study communities.
12-14 A 1 year after the intervention, data on awareness of the intervention, participation in the intervention, vaccination uptake and barriers to vaccine uptake were collected via a survey of eligible households in the study communities using an interviewer administered questionnaire aimed at the child's caregiver as there was no systematic routine recording of vaccination coverage. Data collection was conducted by systematic sampling of all the households in the study slums and immunization data was collected from households with children under 24 months. Interviews were conducted face-to-face in the local language (Hindi or Punjabi) using a semi-structured guide and audiorecorded. Respondents were asked about their contribution to the intervention, the perceived impact of the intervention and challenges including sustainability of the intervention. Interviews were transcribed verbatim in the respondent's language and translated into English.
Analysis
A comparison of baseline vaccination uptake was carried out for six intervention and six control slum clusters using multilevel logistic regression modelling. In addition, multilevel logistic regression models including each study cluster as a random intercept to account for both clustering and differences in baseline vaccination uptake were used to investigate the impact of the intervention on vaccination uptake. All statistical analyses were conducted using Stata 14 (Statacorp, Texas). Thematic analysis as described by Braun and Clarke (2006) 18 was used to analyse the qualitative data from interviews aided by the software ATLAS.ti. 
Results
Pre-intervention survey findings
The average number of participants per cluster was 15.6 (range: 1-67). The intraclass correlation coefficient was 0.040 (95% CI: 0.00-0.111). The median (IQR) age was 12 months (6-14 months) and there were 46.8% males. More respondents from control communities were aware of the benefits of vaccines for disease prevention (32.5% versus 20.9%; P = 0.044). Vaccination uptake was slightly better for some vaccines in intervention clusters (after taking into account clustering) at baseline (Supplementary Tables 1 and  2 ) however there was no significant difference in completion of immunization schedule in intervention and control clusters (OR: 0.93; 95% CI: 0.35-2.44; P = 0.877). Lack of awareness either about the benefits of vaccination or available vaccination facilities was the most frequently reported EVALUATION OF A COMMUNITY-BASED INTERVENTION TO IMPROVE ROUTINE CHILDHOOD VACCINATION UPTAKE AMONG MIGRANTS barrier to immunization in both intervention and control clusters. Other barriers common to both groups included recent migration (which could be associated with lack of awareness of local facilities), misplaced vaccination cards, difficulties in accessing vaccination facilities or negative attitudes to vaccination (Supplementary Table 3 ).
Post-intervention evaluation questionnaire findings
There were 12 study clusters in total, with the average number of participants per cluster being 15.4 (range: 2-55). The median age was 9 months (IQR: 5-11) and there were 56.4% males in the study sample. All the children were from migrant households that had been resident in the study communities for at least 3 months with only 3.1% having been in the area for less than 1 year. Most study households (30%) had been resident in the study communities for 2-4 years. Of all, 75% of the study children households (in both intervention and community clusters) were aware of the community-based vaccine delivery intervention. The intraclass correlation for our primary outcome measure 'completed immunization schedule' was 0.077 (95% CI: 0.005-0.149). Of all, 88.6% of the respondents from the intervention clusters felt that the intervention activities had improved overall access to healthcare and 55.3% had participated in the intervention activities in the locality (47% disseminated information about the intervention activities, 3% assisted healthcare workers involved in the intervention, just under 2% made monetary contributions and another 3% contributed in other ways). Of all, 33% of the respondents in the control clusters also reported sharing information about the intervention activities. Overall, vaccination uptake was significantly higher in the intervention clusters and the likelihood of full immunization by the age of 1 year was more than twice that in the control clusters [OR: 2.27 (95% CI: 1.12-4.60); P = 0.023] (Tables 1 and 2 ). In instances where children had not received vaccinations according to the schedule, the most frequent barrier reported by caregivers was lack of time or a clash with another event (Table 3) . However, in both intervention and control clusters, the majority of caregivers of unvaccinated children reported that they did not face any problems suggesting that there may be an issue around awareness of vaccine benefits.
Post-intervention qualitative study findings
A total of 27 key informants, 18 (67%) of whom were women, were interviewed including 10 community members, 7 auxiliary healthcare workers, 2 community leaders, 5 healthcare practitioners (alternative medicine practitioners) and 2 medical officers (MBBS). Three key themes were identified 4.
Impact of the intervention: All respondents felt the community immunization programme was successful as it was responsive to community residents' needs and vaccination uptake increased. Other impacts reported by respondents included an increased awareness of the health benefits and a more positive attitude towards childhood vaccinations in the intervention communities. Of note, the value of the outreach immunization programme was also recognized by alternative medicine practitioners.
Community/personal contributions to the intervention: All community respondents reported a sense of ownership of the intervention and this was validated by the healthcare personnel who were interviewed. This sense of community or personal contribution to the programme was also evident in the tone of responses. Community contributions ranged from the provision of space, financial donations, provision of chairs or shelter and awareness-raising activities.
Sustainability of the intervention: All felt that the programme should continue and were happy to provide sustained community support while emphasizing that this would only work if there was sustained effort either from NGOs/ government or private institutions like CMCL (that spearheaded this intervention) continued to provide medical personnel and vaccines free of cost at regular outreach clinics.
Discussion Main findings of this study
We found a statistically significant increase in postintervention vaccination uptake for nearly all vaccinations in the intervention community with overall odds of full immunization against all seven vaccines being more than twice that in the control community. While we were not able to formally compare pre-and post-intervention vaccination uptake in control and intervention communities, baseline survey data 13, 14 (Supplementary Tables 1 and 2) showed that there was no significant difference in baseline vaccination uptake in intervention and control communities. Qualitative study findings further reinforced that there was an observable impact of the community-based intervention on childhood vaccination uptake and that this was directly attributable to the active community involvement in co-delivering the intervention.
What is already known on this topic
Migrant health is to a large extent determined by the availability, accessibility, acceptability and quality of services in Table 2 Vaccination uptake in children aged 10-12 months (n = 309)
Vaccines administered in the first 12 months/1 year of age Intervention clusters
Control clusters Statistically significant (P < 0.05) results in bold.
Note: Hepatitis B vaccination as part of the routine childhood immunization schedule was introduced in 2011; standard dosing regimen comprises three doses administered along with the DPT vaccine with an additional vaccination at birth only recommended in endemic areas. a All comparisons are for the intervention clusters compared to the control clusters.
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the host community. Proximity to available services, lack of knowledge about such services, or having special needs have been noted to be significant barriers to healthcare or service access. 19 The evidence base for community involvement in the delivery of vaccination programmes to deprived populations in developing countries is limited with community participation ranging from passive knowledge transfer to more active peer support models. 20 An intervention study carried out in two urban slums of Bangladesh containing an EPI support group for social mobilization as well as training for service providers on valid doses and management of sideeffects found 99.0% of the children to be fully immunized after intervention compared with only 43.0% before. 21 Another study in Patna, India showed that the proportion of children with incomplete or no DPT vaccination was decreased by >30% when outreach immunization services were implemented. 22 In a study in Haryana, community volunteers acting as mobilizers helped in significantly (P < 0.001) improving the proportion of children receiving the third DPT in the post-intervention cohort. 23 These studies along with our findings indicate that outreach clinics and involvement of local community mobilizers can lead to increased vaccination coverage.
What this study adds
Our evaluation study focuses on a unique community-based intervention that was co-designed and co-delivered by the 'For the last one and a half year I have joined as District Immunization Officer in October 2012… since then I have noticed a lot of change in the people's attitude. They are now more aware of our services as well as your (the community outreach intervention) services and they are cooperative now.
As far as the timings are concerned because they are labour, they belong to the labour category so time management is the main problem. Otherwise I have noticed that people are now very much aware. Especially migrants coming from Bihar and UP-they want to avail the services. They want to avail the services; they know their rights. Attitude is good. There is a lot of change…When this programme was being launched there were certain doubts whether it will be successful or not. Because we are giving them services for such a long period and your project has just started for one year. So I doubted whether there will be any participation from the community. But in the coming time it was noticed that the community has participated with full strength. So there is no doubt that (this activity) as well as the prolonged services in the hub of their slum (has had this impact).' (INT21, District
Immunization Officer)
Community/personal contributions to the intervention 'I also helped…gave place to sit for vaccination for children. I told to neighbours to vaccinate their children (sic).' (INT27, housewife)
'Here in this programme, all colony people were involved. Together every week they gave space so that children and pregnant women could get vaccinated.' (INT14, factory worker and local healthcare practitioner, alternative medicine)
Sustainability of the intervention
'It needs to be better than this. Like whatever is going on-it can be better. It needs to continue. We need the government so that they can go anytime and get vaccinations.' (INT6, Pradhan, i.e. community leader)
community for the purpose of improving childhood vaccination uptake in migrant populations. It contributes to the evidence base on community-based interventions for improving childhood vaccination coverage in deprived groups in a developing country context using a robust mixed-methods evaluation to show that overall vaccination coverage significantly doubled in intervention communities as compared to control communities. In the context of the limitations faced by the governmental health services to provide for urban slums, a partnership between various stakeholders is essential to address the challenges. Scalability and sustainability are other key issues. Informal enquiries from community leaders reveal that the intervention communities have continued with this intervention even after formal withdrawal of the research team from CMC, Ludhiana. There is, however, no evidence of similar initiatives organically emerging in the control communities. This suggests that external facilitation may be required to initiate community-based interventions and should be explored in future studies. Based on our findings, we propose that a government-provided outreach immunization service once a week that is coordinated by the government funded community health worker and supported by the local community can increase vaccination uptake. 12 Community-based workers are cost-effective and can reduce health inequity by targeting deprived populations for immunization and also provide wider antenatal and maternal health services. 24 This activity can be later scaled up to other areas during the implementation of the National Urban Health Mission programme funded by the government of India. 25 
Limitations of this study
Our evaluation used a quasi-experimental post-intervention study design with comparison groups due to resource constraints but the presence of cluster-level baseline vaccination uptake data from a previous survey allowed us demonstrate the comparability of our intervention and control clusters. We also endeavoured to match our study clusters on sociodemographic characteristics. Furthermore, by conducting a door-to-door survey, we can ensure that our data on vaccination uptake is relevant to our target population of migrant children and not prone to ecological fallacy. However, contamination between intervention and control areas cannot be ruled out and it is possible that parents in control areas accessed the immunization outreach clinics in intervention clusters. Despite this, the study adds to the limited evidence base on community-based interventions to improve vaccination uptake in deprived communities. Findings from stakeholder interviews also validated the theory of change underpinning the intervention thereby suggesting that the sense of shared ownership of the intervention may have further contributed to its success. Ideally, future cluster randomized controlled trials would strengthen our conclusions but the nature of community-based interventions may make implementation of such trials difficult.
Supplementary data
Supplementary data are available at the Journal of Public Health online.
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